Objectives: Biomonitoring of exposure in workplaces has gained importance in evaluation of human health hazards. Since occupational exposure to petroleum hydrocarbons may have deleterious effects, genotoxicity risk among 200 fuel filling station attendants (FFSAs) and 200 matched controls was investigated.
INTRODUCTION
The increased use of petroleum products in automobiles and industry has led to the deterioration in air quality and human health. These products contain a number of toxins that are considered to be carcinogenic to humans (EPA, 2002) . Hyderabad with 583 Km 2 of area and a population of 3 145 000 is a major metropolitan centre in India. It has an enormous vehicular density of 2337 vehicles km
À2
. Here, fuel (petrol and diesel) filling station attendants (FFSAs) are the norm rather than self-service, increasing the opportunity for exposure. In filling stations, the volume of fuel dispensed as well as the ambient temperature contributes significantly to the increased emission of volatile hydrocarbons. Benzene (BZ) could be considered to be the most hazardous; xylene (XYL) and toluene (TOL) have toxicities (acute central nervous system effects) in line with other aromatics of lower/different concern than BZ (ACGIH, 2009) . Several studies to determine the concentrations *Author to whom correspondence should be addressed. Tel: þ91-40-27193135; fax: þ91-40-27193227; e-mail: param_g@yahoo.com of benzene, toluene, and xylene (BTX) in the ambient air of occupational sites have shown increased levels (Chakroun et al., 2002; Georgieva et al., 2002; Melikian et al., 2002; Chanvaivit et al., 2007; de Oliveira et al., 2007; Hoet et al., 2009) . Similar results were found after air monitoring in breathing zones of subjects in various settings (Inoue et al., 2001; Waidyanatha et al., 2001; Fustinoni et al., 2005; Qu et al., 2005; Manini et al., 2006; Chanvaivit et al., 2007) . Likewise, estimations for blood concentrations of BTX have reported elevated levels in exposed subjects (Carere and Crebelli, 1997; Chanvaivit et al., 2007; Pandey et al., 2008; Hoet et al., 2009) .
Some of the biomarkers to assess genotoxicity of occupational exposure are comet assay, micronucleus test (MNT), chromosomal aberrations (CA), and sister chromatid exchanges; of these, CA has been shown to be definitely associated with cancer.
Results from genotoxicity studies with FFSAs have yielded both positive (Andreoli et al., 1997; Bukvic et al., 1998; Yadav and Seth, 2001; Navasumrit et al., 2005; Pandey et al., 2008) and negative findings (Bukvic et al., 1998; Carere et al., 1998) . There are reports on genotoxic effects of populations exposed to petroleum products in other occupational sites (Sul et al., 2002 (Sul et al., , 2005 Maffei et al., 2005; Navasumrit et al., 2005; Tompa et al., 2005; Roma-Torres et al., 2006) . Data on genotoxicity due to exposure to petroleum products in FFSAs from India are scarce (Yadav and Seth, 2001; Pandey et al., 2008) , whereas studies from Hyderabad are lacking. Hence, in the present study, genetic damage due to exposure to fuel in FFSAs was studied using comet assay and MNT in peripheral blood lymphocyte (PBL). The comet assay has been found to be a reliable method for human biomonitoring for the evaluation of DNA damage (Collins, 2004) . In human population studies, the frequency of micronuclei (MN) is determined in cultured PBL and the most frequently applied methodology uses the cytokinesis-block micronucleus technique in which scoring is limited to cells that have divided once since mitogen stimulation (Fenech and Morley, 1985) . Blood lymphocytes function as surrogates for the measurement of damage in target organs and are regarded as sentinel cell types, being early warning signals for adverse health effects in atrisk individuals (Faust et al., 2004) . The influence of modulating factors on genotoxicity was also analysed. Investigations on the same group of FFSAs using CA in PBL, MNT in buccal cells, and urinary biomarkers have also been carried out and correlated with that in controls. Results revealed significant effects of exposure on the measured parameters (to be published). Ambient and personal breathing zone air sample analysis was done using diffusive badges and analysed by gas chromatography-mass spectrometry (GC-MS). BTX estimation in blood gives an indication of exposure of FFSAs.
Exposure-dependent changes (if any) in blood biochemistry were studied in the present investigation by determination of glucose (GLU), cholesterol (CHOL), creatinine (CRE), protein (PRO), and albumin (ALB). These analyses were used as screening tests for the diagnosis of the health status of the study subjects. Antioxidant status was assessed in the study subjects by measuring the levels of radical scavenging enzymes superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT), and rate of lipid peroxidation (LPO) to determine the possible involvement of reactive oxygen species in the induction of genotoxicity. This gives a measure of exposure-induced oxidative stress that results in inflammation and damage to macromolecules, including DNA, PROs, and lipids (Karagozler et al., 2002; Bayraktar et al., 2006) .
MATERIALS AND METHODS

Study population
The selection of the subjects and the controls was based on a face-to-face questionnaire, which included demographic data (age, gender, etc.) as well as medical (exposure to X-rays, vaccinations, medication, etc.), lifestyle (smoking, coffee, alcohol, diet, etc.) , and occupational questions (working h day À1 , volume of fuel dispensed, years of exposure, use of protective measures, etc.). Only those subjects who had been working for at least 5 years in the fuel filling stations were considered eligible. The final 200 subjects were identified and selected with the help of a medical doctor from an initial workforce of 1985 subjects. These subjects worked in various fuel filling stations in Hyderabad. All the FFSAs in the present study were involved in performing duties like loading and unloading fuel from tankers to filling pumps and pumping petrol and diesel into vehicles.
The selection of the control group was also based on a questionnaire. This group consisted of 200 subjects from the general population with no history of occupational exposure to fuel, heavy metals, or any genotoxic agent. It was assured that the FFSAs and the controls did not show significant difference from each other with respect to any confounding factor except for occupational exposure. It was also ensured that the exposed and the control subjects had not been taking any medicines nor had they been Genotoxicity in FFSAs exposed to hydrocarbons 945 exposed to any kind of radiation for 12 months before sample collection. The local ethical committee approved the study. Informed consent was obtained from each individual prior to the beginning of the study. All subjects involved in the study received detailed information concerning the aims of the research study.
Collection of samples
At the end of each 6-day working week and at the end of the last 8-to 10-h shift, samples were collected from 10 controls and 10 exposed subjects, and during those shifts, air samples were collected at those fuel filling stations and control sites. Because it was not possible to operate every week, this phase of the study lasted 10 months from February to November, when the temperature ranged from 32 to 42°C. A total of 6 ml of venous blood was collected once from each subject using sterilized syringes. A total of 3 ml of blood was dispensed into a heparinized eppendorf tube for genotoxicity and BTX assays and the remaining 3 ml into an eppendorf tube without anticoagulant for biochemical analysis. Samples were coded to avoid possible bias. The samples were transported on ice to the laboratory and were processed within 2 h after collection.
Workplace conditions
FFSAs worked indoors and outdoors in all kinds of weather. They spent much time standing up while loading and unloading fuels. None of the FFSAs used any facemasks or hand gloves. FFSAs frequently got dirty as they pumped gasoline and worked around oil and grease.
Monitoring of ambient and breathing zone air
Ambient air sampling was carried out during the study period in six petrol stations and control locations. Both area and personal breathing zone air sampling were conducted using passive air samplers (3M organic vapor monitor 3500). For individual exposure, personal diffusive sampler badge was hung to the worker as close as possible to the face so as to determine relative concentrations of BTX in breathing zone throughout the whole working shift. For ambient air sampling in the workplace, the badges were placed on poles and walls of the petrol pumps at a height of $3 m from the ground level. The collected air samples were transported to the laboratory and stored at À20°C until analysis. Samplers were desorbed from the diffusive badges with 2 ml of carbon disulfide. These extracts were preserved with due caution to prevent any loss into the air and then reduced under nitrogen and analysed by GC with an Agilent column (length 30 m Â 250 lm internal diameter, 0.25-lm film thickness; Agilent Tech, Palo Alto, CA, USA). The column oven was programmed initially at 50°C for 20 min at 10°C min À1 ramp to a final temperature of 180°C. The final temperature hold time was 3 min. Helium (99.99%) was used as a carrier gas at a flow rate of 1 ml min À1 by an auto sampler (Agilent 7683 injector). The samples were introduced in 10:1 split injection ratio. Retention time (RT) and base peak (mass-to-charge ratio) for BZ were found to be 2.5 and 75 min, respectively (Melikian et al., 2002) .
BTX measurement in blood
1ml of total blood collected was stored in ethylene diamine tetrachloro acetic acid vacutainers at À20°C till analysis of BTX in blood. BTX in blood was estimated as given by Pandey et al. (2008) . Characterization of the compounds was based on their (RTs) and base peaks (mass-to-charge ratio) with the GC conditions as given in the earlier section.
Comet assay
From the collected blood samples, 40 ll of blood was taken for the comet assay, which was carried out according to Singh et al. (1988) with slight modifications. Cell viability determined by the trypan blue exclusion technique ranged from 92 to 96% (data not shown). Slides were prepared in duplicate per subject. The method followed has been described earlier (Rekhadevi et al., 2009) . Analysis was performed using a Â400 objective with Olympus BX 51 fluorescent microscope equipped with an excitation filter of 515-560 nm and a barrier filter of 590 nm. A total of 100 individual cells were screened per subject (50 cells from each slide). Undamaged cells resemble an intact nucleus without a tail and damaged cell has the appearance of a comet. The length of the DNA migrated in the comet tail, which is an estimate of DNA damage was measured using an ocular meter and calculated as: comet tail length (micrometre) 5 (maximum total length)À(head diameter).
Micronucleus assay (PBL)
The MNT was conducted according to the method of Fenech and Morley (1985) . Briefly, 0.5 ml of whole blood was mixed with 4.5 ml of Rosewell Park Memorial Institute-1640 medium supplemented with 20% fetal calf serum, 100 U ml À1 penicillin, and 100 lg ml À1 streptomycin. A total of 0.2 mg ml À1 phytohaemagglutinin-M was added to 946 P. V. Rekhadevi et al. stimulate the culture. Cultures were incubated in duplicates at 37°C for 72 h. Cytochalasin-B was added at the 44th h of culture growth at a final concentration of 5 lg ml À1 to arrest the cells at cytokinesis. The cultures were harvested by centrifugation after 72 h. The lymphocytes were subjected to mild hypotonic treatment with 0.075 M KCl for 5 min and then fixed in fresh fixative solution (3:1, methanol:acetic acid). This fixation was repeated twice. A few drops of cell suspension were smeared on precooled microscopic slides and air-dried. The slides were stained using 10% Giemsa of pH 6.8 for 10 min. Two thousand binucleated lymphocytes (1000 cells per culture) were scored at Â400 magnification. Frequency of MN and nucleoplasmic bridges per 1000 cells is calculated. Scoring of MN was done manually with an Olympus BX 51 fluorescence microscope.
Scoring of slides
The slides were randomized and coded to blind the scorer. All slides were scored by one person to avoid inter scorer variability.
Antioxidant enzyme levels
Of each 6 ml sample of blood collected, 3 ml was dispensed to an Eppendorf tube without anticoagulant. This was allowed to clot and then centrifuged at 1500 g for 10 min to obtain serum for biochemical analysis. The serum obtained was used to estimate the activity of malondialdehyde (MDA), SOD, GPx, and CAT levels, following standard protocols (Paglia and Valentine, 1967; Aebi, 1974; Sun et al., 1988; Wasowicz et al., 1993) .
Total blood biochemistry
The levels of blood biochemical parameters like GLU, CRE, CHOL, PRO, and ALB were determined in all the subjects using standard kits from Bayer Diagnostics, India. The results were expressed as milligrams per decilitre of serum used.
Statistical analysis
The samples were decoded before statistical analysis for comparison. As the distribution of mean DNA tail length and frequency of MN in PBL were found to be non-gaussian and did not follow normal distribution, log-transformed data were used to test the difference between groups. The results obtained were further confirmed by using non-parametric (Mann-Whitney) test. v 2 and Odds ratio were calculated to see the association between age, smoking, and alcohol consumption habit in the two groups.
All calculations were performed using Graph Pad Prism 4 Software package for windows.
RESULTS
The effect of occupational exposure to petroleum hydrocarbons on the level of genetic damage in FFSAs and control subjects was assessed by the comet assay and MNT. Table 1 represents the distribution of subjects with respect to gender, age, smoking, alcohol consumption, and duration of exposure. The two groups studied had similar demographic characteristics. The mean age of the exposed group was 38, ranging from 20 to 57 years and that of controls was 35 and ranged from 20 to 45 years. On an average, the workers were on job for $5 h day
À1
. Each attendant dispensed $665 l of fuel per day that contained approximately $5 to6.5% of BZ by volume. Results from v 2 and Odds ratio reveal that there was no association between smoking and alcohol in the subjects from two groups. The same for age reveals that gender has no association and has the same prevalence in groups.
BTX in ambient and breathing zone air
The results of ambient and breathing zone air sample assessment using GC-MS showed that the FFSAs were exposed to a significantly higher air BTX levels in their workplaces than subjects in control locations. The levels of BTX in the ambient air of filling stations where the attendants of the present study were employed were 1322 lg m À3 , 696 lg m
À3
, and 961 lg m À3 , respectively. Control subjects from this study were exposed to a lower BTX concentration in ambient air than FFSAs (133 lg m À3 , 115 lg m À3 , and 122 lg m
). Analysis of breathing zone air samples from exposed personnel gave a significantly higher mean BZ level (1500 lg m Table 2) .
BTX in blood
Significantly higher BTX levels (mean, p.p.b.: 5.18, 1.175, and 2.50) were observed in blood samples of FFSAs than controls (2.12, 1.02, and 1.30). However, the results were significant between groups only for BZ and XYL levels ( Table 2) . The blood BTX levels for smoking subjects in exposed and control group were higher than their non-smoking counterparts, but the results were not statistically significant. BTX levels in smokers and non-smokers 
Comet assay
The extent of DNA damage evaluated by the comet assay in leucocytes of exposed and control subjects, as measured by mean comet tail length is presented in Table 4 . The mean comet tail length significantly increased in lymphocytes of exposed subjects in comparison to controls (25.1 versus 10.27 lm; P , 0.05). In FFSAs, significant effect of gender, age, smoking, and per day exposure on DNA damage was observed. No significant difference in mean comet tail length was seen due to alcohol consumption and exposure over the years. A significant increase in DNA damage with gender and smoking was observed in control subjects. No effect of age and alcohol consumption was observed (Table 5) . Multiple linear regression analysis for mean DNA tail length showed a statistically significant association for age and duration of exposure per day, whereas no significant association was seen for years of exposure (Table 6 ). Blood XYL and ambient air BTX levels were found to show a positive and statistically significant effect on DNA damage by regression analysis (Table 7) .
MN frequency in lymphocytes
The results of MN frequency in PBL of exposed workers increased significantly as compared with controls (11.83 versus 5.83; P , 0.05) as seen in Table 4 . Gender, age, smoking, alcohol consumption, and exposure had a significant effect on frequency of MN in exposed subjects. Gender, age, smoking, and alcohol consumption contributed significantly to the rise in MN frequency in controls (Table 8 ). The nucleoplasmic bridges were statistically significant in the exposed personnel (2.84 &) as compared to controls (2.04 &). Multiple linear regression analysis showed a statistically significant association of MN frequency in lymphocytes with age and exposure (Table 6 ). Enhancing effect of blood and ambient air BTX was found on MN frequency in PBL by multiple linear regression analysis (Table 7) .
Antioxidant enzyme levels
The intergroup comparison of controls and exposed for activities of antioxidant enzymes SOD ), GPx (1.570 versus 0.746 U ml À1 ) were significantly decreased in the exposed subjects as compared to controls, while the CAT (136.4 versus 105.2 k l À1 ) and MDA concentrations were elevated (4.82 versus 2.39 nmol ml À1 ) (Table 4) .
Total blood biochemistry
Exposed subjects showed significantly higher levels of blood GLU (83.6 versus 75.7 mg dl À1 ; P , 0.05), CRE (1.511 versus 0.932 mg dl À1 ; P , 0.05), and CHOL (246.9 versus 172.6 mg dl À1 ; P , 0.05) when compared to controls. However, PRO and ALB levels were found to be lowered in the FFSAs (4.88 versus 6.30 g dl À1 and 2.75 versus 4.19 g dl À1 ; P . 0.05) in comparison with controls (Table 4) .
DISCUSSION
FFSAs are exposed to a mixture of hydrocarbons in fuel vapours during dispensing fuel and to the gases from vehicular exhaust. In the current investigation, levels of ambient air BTX were found to be 10 times higher in fuel filling stations as compared to control places. The BZ levels in the present study (0.41 p.p.m.) were found to be higher than the exposure limits given by NIOSH (2007) but less than those of ACGIH (0.5 p.p.m.) and OSHA (2005) . Likewise, significantly higher mean air BZ levels were reported in FFSAs from Thailand and Brazil (Chanvaivit et al., 2007; de Oliveira et al., 2007) . Air monitoring for BZ in petrol pumps from northern India (Lucknow) also revealed significantly higher BZ levels (Pandey et al., 2008) .
FFSAs in the current investigation showed significantly enhanced levels of BTX in the breathing zones than control subjects. BZ was reported to be present in elevated levels as compared to TOL and XYL. Reports on BTX measurements in breathing zone of FFSAs exist in literature (Periago and Prado, 2005; Bahrami et al., 2007; Chanvaivit et al., 2007) . Personal air sampling among FFSAs in Northern India (Kanpur) and Southern India (Bangalore) also showed identical results as in our study (Das et al., 1991; Raghavan and Basavaiah, 2005) . In a recent study in petrochemical workers, personal measurements of airborne BZ were below the limit of detection (Hoet et al., 2009) . FFSAs are exposed to high pulses of concentrated vapour released from the refilling nozzle. These concentrations get diluted in the ambient air. This may be the reason for elevated levels of BZ in breathing zone than in ambient air.
In our investigation, blood BTX levels were estimated in all the study subjects. Exposed workers showed higher BTX levels in comparison to the controls. BZ was found to be in higher concentrations followed by XYL and TOL. The presence of high levels of BZ in blood may be the residual content after tissue absorption and metabolism. Similar results were reported from Italian, Thai, and Indian FFSAs (Carere and Crebelli, 1997; Chanvaivit et al., 2007; Pandey et al., 2008) . Effect of smoking on blood BTX levels among smokers and non-smokers was not significant in the current study. However, smoking was associated with increased B-BZ levels in Italian petrochemical workers but the correlation was not significant (Hoet et al., 2009) . Non-smoking workers occupationally exposed to BZ and nonsmoking control subjects exposed to BZ showed similar blood BZ concentrations (Brugnone et al., 1998) . The genotoxicity biomarkers used in the present investigation (comet assay and MNT in PBL) are non-specific and are considered to be reliable methods that respond to any genotoxins (Albertini et al., 2000) . In the current study, exposed personnel showed statistically significant increase in DNA migration as compared to controls. Investigations reporting DNA damage in FFSAs using comet assay are scarce. Determination of DNA strand breaks in fifty gasoline station workers in Thailand reported greater damage to DNA than that in control (Navasumrit et al., 2005) . In a recent study from North India, genotoxicity in FFSAs revealed that the exposed subjects had significant levels of DNA damage in comparison to control subjects (Pandey et al., 2008) . These investigations are in line with our results. A rise in the frequency of MN in PBL was found in the workers of the present study. Similarly, significant difference in MN in PBL of FFSAs was reported by Bukvic et al. (1998) . Induction of MN in PBL in FFSAs working in 100-250 p.p.b. of air BZ was significantly higher than the controls (Pandey et al., 2008) . This is in agreement with another study from North India (Yadav and Seth, 2001) . The genetic damage induced by occupational exposure to fuel vapours may be predominantly due to BZ with a substantial effect of coexposure to TOL and XYL. Induction of leukaemia and various types of lymphomas has been confirmed from several epidemiological studies in populations exposed to BZ (Whysner et al., 2004; Lamm et al., 2005; Smith et al., 2007) . A number of genotoxicity studies on humans exposed to BZ in various occupational settings are available, which support our findings. Effect of exposure to BZ or its metabolites in 12 FFSAs indicated a significant damage to DNA (Andreoli et al., 1997) . Exposure to BZ and induced damage to DNA in traffic policemen (Crebelli et al., 2001) , petrochemical workers (Garte et al., 2005) , shoe makers (Sul et al., 2002) , and printing company workers (Sul et al., 2005) is also reported. Similarly, rise in MN frequency was observed in traffic policemen (Maffei et al., 2005) , oil refinery (Tompa et al., 2005) , exposed to BZ. In this study, disturbance in total blood biochemistry and antioxidant system by occupational exposure to fuel vapours was investigated. GLU, CRE, and CHOL levels were higher in exposed group than in controls. The significantly high GLU levels in the exposed subjects are indicative of exposure-related changes in metabolism. Elevated CHOL levels may be due to anaemia, age, stress, and hormonal imbalance. Altered CRE levels indicate impaired renal function and glomerular filtration. PRO and ALB levels reduced significantly in the FFSAs as compared to controls. Lower levels are generally due to liver impairment and haemorrhages. Activities of SOD and GPx were all significantly lowered in exposed subjects than in controls in the present study. CAT and MDA levels seem to vary significantly in either group. Exposed subjects showed higher rates The relative influence of ambient breathing zone and blood BTX levels and on the frequencies of mean DNA damage and MN frequencies was tested by multiple linear regression analysis. The significance for each model level was 0.05. R 2 (%) 5 multiple determination coefficient. Frequency ratio is expressed with exponentiated regression coefficients and there 95% confidence interval (CI); *P , 0.05. Genotoxicity in FFSAs exposed to hydrocarbons 951 of LPO than the controls. Investigation of the blood biochemical status of forty FFSAs from Turkey also revealed results similar to those in the current study (Bayraktar et al., 2006) . Our results are also supported by investigations on oxidative stress in various occupational exposures (Hunaiti et al., 1995; Georgieva et al., 2002; Karagözler et al., 2002; Casado et al., 2006; Rossner et al., 2007) . The difference in blood biochemical parameters between groups can also be attributed to a difference in lifestyle habits, diet, and medical history.
CONCLUSIONS
The results of this study reflects the need of intervention of regulations on hydrocarbon content in petrol and better use of cleaner fuels that could be safer to human health and are environment friendly. This study demonstrates the feasibility of an integrated risk assessment approach in FFSAs exposed to fuel vapours continuously during self-filling activity and also fillings by other FFSAs. The genotoxicity associated with exposure to volatile hydrocarbons, especially BZ in petrol urges the necessity of education with motivation to change lifestyle to reduce the further deterioration of health state of workers. The current study also demonstrates the need and importance of an effective trilateral cooperation between the health services, employer, and employee in order to reduce the risk of exposure and its health effects. 
